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ABSTRACT 
The objective of this study was to isolate and identify the aerobic bacteria 
associated with diarrhea in children below five years of age presented at 
Khartoum Pediatric Hospital. Fifty stool specimens were collected 
(negative for protozoa and helminthes) and cultured on MacConkey’s 
agar, selenite-F-broth and Salmonella-Shigella agar media and incubated 
aerobically for 24 h at 37°C. 
  
Bacterial growth was shown by all of the test specimens and a  total of 77 
isolates were obtained; some specimens were of mixed bacterial types. 
The pure isolates were identified according to their microscopic, cultural 
and biochemical characteristics to the following bacterial species:  
Escherichia coli (n=48, 62.3%), Klebsiella pneumoniae (n=10, 13%), 
Proteus mirabilis (n=6, 7.8%), Pseudomonas aeruginosa (n=4, 5.2%), 
Shigella spp. (n=4, 5.2%), Citrobacter freundii (n=3, 3.9%), Enterobacter 
aerogenes (n=1, 1.3%) and Serratia marcescens (n=1, 1.3%). E.coli was 
the most prevalent species, which was isolated from 96% (48/50) of the 
specimens. 
   
Sorbitol MacConkey’s agar medium was used to differentiate between 
isolates of E. coli serotype O157:H7 and the other isolates of E. coli. Ten 
(20.8%) of the E.coli isolates were sorbitol non-fermenters and hence 
they were considered as E. coli serotype O157:H7. 
  
Different patterns of distribution of bacterial types according to age have 
been observed. E. coli isolates were found mostly before two years of age 
and rarely in older children.  In contrast, Pseudomonas aeruginosa 
encountered after three years of age, while Shigella spp. was found after 
one year of age, Proteus mirabilis and Klebsiella pneumoniae isolates 
were distributed among all age groups.  
iv 
 ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
  
  ﻓѧѧﻲﻻتﺎهѧѧﺪف هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ هѧѧﻮ ﻋѧѧﺰل وﺗﻌﺮﻳѧѧﻒ اﻟﺒﻜﺘﺮﻳѧѧﺎ اﻟﻬﻮاﺋﻴѧѧﺔ اﻟﻤﺘﻌﻠﻘѧѧﺔ ﺑﺎﻹﺳѧѧﻬ 
 . اﻷﻃﻔѧﺎل ﺑѧﺎﻟﺨﺮﻃﻮم ﺣѧﻀﺮوا ﻟﻤﺴﺘѧﺸﻔﻰ أاﻟѧﺬﻳﻦ  و أﻗﻞ ﻣﻦ ﻋﻤﺮ ﺧﻤﺲ ﺳﻨﻮات اﻷﻃﻔﺎل
 ﺗﻤѧﺖ زراﻋﺘﻬѧﺎ  ﻗѧﺪ و( ت اﻟﺪﻳѧﺪان و اﻷوﻟﻴѧﺎ ﻦﻣѧ ﺟﻤﻴﻌﻬѧﺎ ﺧﺎﻟﻴѧﺔ  )ﻋﻴﻨﺔ ﺑﺮاز  05 ﺗﻢ ﺟﻤﻊ 
 ﺛѧﻢ ﺣѧﻀﻨﺖ  .  ف -  و ﻣѧﺮق اﻟѧﺴﻠﻨﺎﻳﺖ ﺔﻠﻐﺷѧﻴ -ﺔاﻟѧﺴﺎﻟﻤﻮﻧﻴﻠ ﺟﺎر اﻟﻤѧﺎآﻮﻧﻜﻰ  و  أ ﻓﻰ وﺳﻂ 
  . ﺔﺎﻋﺳ  42ْم ﻟﻤﺪة 73 ﻓﻰ درﺟﺔ ﺣﺮارة ﺋًﻴﺎهﻮا
  
 اﻟﻌﻴﻨѧﺎت   ﺑﻌѧﺾ ،ﻋﺰﻟѧﺔ  77ﺗѧﻢ اﻟﺤѧﺼﻮل ﻋﻠѧﻲ  و  ﻧﻤًﻮا ﺑﻜﺘﻴﺮًﻳѧﺎ أﻇﻬﺮت ﺟﻤﻴﻊ اﻟﻌﻴﻨﺎت 
 ﻋﻠѧﻲ ﺧﺼﺎﺋѧﺼﻬﺎ دًاﺗѧﻢ ﺗﻌﺮﻳѧﻒ اﻟﻌѧﺰﻻت اﻟﻨﻘﻴѧﺔ اﻋﺘﻤѧﺎ   .ﺒﻜﺘﻴﺮﻳﺔﺑﻬﺎ أآﺜﺮ ﻣﻦ ﻧﻮع ﻣﻦ اﻟ
 اﻻﺷѧﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴѧﺔ: ﻴѧﺔ واﻟﻜﻴﻤﻮﺣﻴﺎﺗﻴѧﺔ اﻟѧﻰ أﻧѧﻮاع اﻟﺒﻜﺘﺮﻳѧﺎ اﻵﺗﻴѧﺔ اﻟﻤﺰرﻋ،اﻟﻤﺠﻬﺮﻳѧﺔ
 ،6=ع)اﻟﻤﺘﻘﻠﺒѧѧѧﺔ اﻟﺮاﺋﻌѧѧѧﺔ ، (%31 ،01=ع)، اﻟﻜﻠﺒѧѧѧﺴﻴﻠﺔ اﻟﺮﺋﻮﻳѧѧѧﺔ (3.26% ،=84ع)
اﻟﺒﻜﺘﺮﻳѧѧѧﺔ  ، %(2.5 ،4=ع)ﺔ ﻠﻐاﻟѧѧѧﺸﻴ ،%(2.5 ،4=ع )اﻟﺰاﺋﻔѧѧѧﺔ اﻟﺰﻧﺠﺎرﻳѧѧѧﺔ ، %(8.7
و %( 3.1 ،1=ع)ﻴѧѧѧﺔ  اﻟﻬﻮاﺋاﻟﺒﻜﺘﺮﻳѧѧѧﺎ اﻟﻤﻌﻮﻳѧѧѧﺔ ، %(9.3 ،3=ع)اﻟﻠﻴﻤﻮﻧﻴѧѧѧﺔ اﻟѧѧѧﺼﺪﻳﻘﺔ 
 اﻟﺒﻜﺘﺮﻳѧѧﺔ  اﻻﺷѧѧﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴѧѧﺔ هѧѧﻰ أآﺜﺮأﻧѧѧﻮاع.%(3.1 ،1=ع )اﻟﻤﺘѧѧﺸﺮﺷﺮة اﻟﺬاﺑﻠѧѧﺔ
  %.69  ﺑﻨﺴﺒﺔﻋﻴﻨﺔ 84  ﺣﻴﺚ ﺗﻢ ﻋﺰﻟﻬﺎ ﻣﻦ ﻓﻲ اﻟﻌﻴﻨﺎت اﻟﺘﻲ ﻓﺤﺼﺖا إﻧﺘﺸﺎًراﻟﻤﻌﺰوﻟﺔ
  
ﺟﺎر اﻟﻤﺎآﻮﻧﻜﻰ اﻟﺴﻮرﺑﻴﺘﻮﻟﻲ ﻟﻠﺘﻔﺮﻳﻖ ﺑﻴﻦ ﻋѧﺰﻻت اﻻﺷѧﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴѧﺔ أوﺳﻂ أﺳﺘﺨﺪم 
ﻋѧѧﺰﻻت اﻹﺷѧѧﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴѧѧﺔ اﻷﺧѧѧﺮى ﺣﻴѧѧﺚ وﺟѧѧﺪ أن  و 7H:751O اﻟﻨѧѧﻮع اﻟﻤѧѧﺼﻠﻲ
هѧѧﻰ اﻋﺘﺒѧѧﺮت ﺗﺨﻤѧѧﺮ ﺳѧѧﻜﺮ اﻟѧѧﺴﻮرﺑﻴﺘﻮل و  ﻣѧѧﻦ هѧѧﺬﻩ اﻟﻌѧѧﺰﻻت ﻟѧѧﻢ%(8.02 )ﻋѧѧﺸﺮة
  .7H:751Oاﻹﺷﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴﺔ اﻟﻨﻮع اﻟﻤﺼﻠﻲ 
  
  ﻋﻠѧﻰ ﻋﻤѧﺮٵ إﻋﺘﻤѧﺎد اﻟﺘѧﻲ ﻋﺰﻟѧﺖﻓѧﻲ ﺗﻮزﻳѧﻊ أﻧѧﻮاع اﻟﺒﻜﺘﺮﻳѧﺎ إﺧѧﺘﻼفﺗﻼﺣѧﻆ أن هﻨѧﺎك 
ا  ﻗﺒѧﻞ اﻟѧﺴﻨﺘﻴﻦ اﻷواﺋѧﻞ وﻧѧﺎدر ًًﺒѧﺎ ﻏﺎﻟ اﻟﻘﻮﻟﻮﻧﻴѧﺔ ﺗﻮﺟѧﺪ ن اﻻﺷѧﺮﻳﻜﻴﺔ  أ ﺣﻴﺚ وﺟﺪ اﻟﻤﺮﺿﻲ 
 ﺑﻌѧﺪ ﺳѧﻦ ت اﻟﺰاﺋﻔﺔ اﻟﺰﻧﺠﺎرﻳﺔ وﺟѧﺪ و ﻓﻲ اﻟﻤﻘﺎﺑﻞ ﻓﺎن .  ﻋﻤًﺮا ﺮﺒآاﻷﻋﺰﻟﻬﺎ ﻣﻦ اﻷﻃﻔﺎل 
ﻣѧѧﺎ اﻟﻤﺘﻘﻠﺒѧѧﺔ اﻟﺮاﺋﻌѧѧﺔ أ .وﻟѧѧﻰاﻷ ﺔﻋﻤѧѧﺎر ﻣѧѧﺎ ﺑﻌѧѧﺪ اﻟѧѧﺴﻨ ﻷ ﻓѧѧﻰ ات وﺟѧѧﺪﺔﻴﻠﻐ و اﻟѧѧﺸﻴﺔاﻟﺜﺎﻟﺜѧѧ
   .ﻋﻤﺎرﻷ ﻣﻦ  آﻞ اﺎ ﻋﺰﻟﺘ ﻓﻘﺪ اﻟﺮﺋﻮﻳﺔﺔواﻟﻜﻠﺒﺴﻴﻠ
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 1
 INTRODUCTION 
Diarrhea is a sudden increase in frequency and looseness of bowel 
movement. It is difficult to define diarrhea exactly, since there is great 
individual variation in normal stool frequency. Indicators of diarrhea 
include a sudden increase in number of stool frequency, a decrease in 
stool consistency, more watery stool and a tendency for stool to be green 
(Guerrant, 2001). 
 
The two main dangers of diarrhea are death and malnutrition. Death from 
acute diarrhea is most often due to loss of a large amount of water and 
salt from the body, this loss is called dehydration. An other important 
cause of death is dysentery. Death from dysentery is caused by damage to 
the intestine by systemic infection and malnutrition (WHO, 1992). 
Diarrheal diseases are one of the leading causes of morbidity and 
mortality of children worldwide, causing about one billion episodes of 
illness and 3–5 million deaths annually (Behrman et al., 2004). Diarrheal 
disease and malnutrion perpetuate each other leading to high infant and 
young children mortality in developing countries (Kamal, 1988). 
 
Diarrhea is a leading cause of childhood morbidity and mortality in 
developing countries. Diarrhea as such is considered as a top of killers of 
children below five years of age (WHO, 1980). Diarrheal diseases are 
major health hazards and significantly contribute to illness and mortality 
in developing countries; it has been estimated that 750 million to one 
billion episodes of diarrhea occur in these countries among children less 
than five years, ending in approximately five million deaths each year 
(WHO, 1980). 
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In the Sudan, the major causes of morbidity and mortality in children are 
not different from other developing countries. Reports of recent national 
Multiple Indicators Cluster Survey (MICS) (2000) showed that 28.2% of 
the surveyed children in the northern states in Sudan were suffering from 
diarrhea. Malnutrition prevalence was found to be 11.2%, all had 
diarrhea. Also in Sudan other studies showed that diarrhea is one of the 
major causes of infant mortality, and it is the most common disease in 
children under two years of age. About 100,000 children under five years 
of age die as a result of diarrhea each year in the Sudan as mentioned (the 
Department of National Control of Diarrheal Disease programme (CDD) 
(1991). 
         
The aetiological factors associated with diarrheal disease in children 
include microbial agents which are usually transmitted through food and 
water contaminated with feces (Kung'u et al., 2002). Infectious causes 
dominate and include bacterial, viral and parasitic agents (Prodigy, 2005). 
Bacteria may cause diarrhea by producing a toxin in contaminated food 
or after ingestion or by invading the bowel mucosa. Some parasites 
invade the bowel wall, whereas other clings to it and coat the absorptive 
surface. Viruses are as well a major cause of gastroenteritis, particularly 
in children under five years, accounting for eight in ten cases of 
gastroenteritis. The most important bacterial causes of diarrhea in the first 
two years of life are the various strains of enteropathognic E. coli, 
Salmonella species, Shigella spp., Campylobacter jejuni and Yersenia 
interocolitica (Claeson et al., 1990). In one study, enteropathogens were 
found in 60% of the cases studied. Among the bacteria, 34.3% were 
enteropathogenic E. coli, 7.0% were Shigella, and Campylobacter jejuni 
was isolated from 5.7% and Salmonella from 2.9% of cases (Figueroa et 
al., 1986). 
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The general objective of the present study was to determine the bacterial 
aetiology of diarrhea in children below five years of age. The specific 
aims were as follow: 
1. Isolation, purification and Identification of bacterial agents from 
diarrheal samples from children presented at Khartoum Paediatric 
Hospital.  
2. Identification of isolates according to their phenotypic 
characteristics (microscopic, cultural and biochemical). 
3. To build up information on distribution of bacterial types 
according to age and sex among the children under study. 
 1
 CHAPTER ONE 
LITERATURE REVIEW 
 
1.1 Terminology and classification: 
The term "diarrheal disease" is a loose widely used term. It seems that its 
use has come into fashion because of the diversity of terminology in this 
field. Different authors refer to as infantile diarrhea, infantile enteritis, 
gastroenteritis, summer diarrhea and even dysentery (Wilson and Miles, 
1964). There is no full agreement on the term to be adopted universally. 
 
Classification of diarrheal diseases of children is usually made on 
aetiological grounds (Wilson and Miles, 1964). This classification was 
considered by these two authors as tentative owing to lack of sufficient 
convincing evidence for the existence of some of the causes. Moreover, 
descriptive terms are used, which are related to epidemiological 
circumstances, e.g. summer diarrhea and infantile gastroenteritis. The use 
of these terms usually overlooks the aetiological factor. None the less, the 
aetiological classification by Wilson and Miles (1964) seems to be useful 
in diagnostic work. 
 
1.2 Types of diarrhea: 
 According to duration and episode of diarrhea, three clinical syndromes 
of diarrhea have been defined, each reflecting pathogenesis and requiring 
different approaches to treatment (WHO, 1992); these include: 
 
1.2.1 Acute watery diarrhea: 
This term refers to diarrhea that begins acutely for less than 14 days 
(most acute episodes of less than 7 days) and the passage characterized by 
loose or watery stools without visible blood. Vomiting may occur and 
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fever may be present (WHO, 1992). It constitutes 80% of cases of 
diarrhea and its main sequelae are dehydration, which can be fatal, and 
malnutrition when food intake is stooped or is markedly reduced (Gamal, 
1999).  The most important causes of acute watery diarrhea in children in 
developing countries are Rotavirus, enterotoxigenic Escherichia coli, 
Shigella, Campylobacter jejuni, Cryptosporidium, Vibrio cholerae, 
Salmonella and enteropathogenic E. coli. Acute diarrhea usually happens 
due to fecal–oral transmission of bacterial toxins, viruses and bacteria or 
protozoan organisms (Kasper et al., 2005).    
 
1.2.2 Dysentery: 
 This is a diarrhea with visible blood in the feces. Important effects of 
dysentery include anorexia, rapid weight loss, and damage to the 
intestinal mucosa by the invasive bacteria (WHO, 1992). The main cause 
of acute bacterial dysentery is Shigella; other causes are Campylobacter 
jejuni and infrequently enteroinvasive E. coli or Salmonella. In contrast, 
Entamoeba histolytica can cause serious dysentery in young adults but is 
rarely a cause of dysentery in young children (WHO, 1992). Dysentery 
constitutes about 10% of cases of diarrhea and the main sequelae are 
anorexia, rapid weight loss and damage of the intestinal mucosa (Gamal, 
1999). 
  
1.2.3 Persistent diarrhea: 
This diarrhea begins acutely, but is of unusually long duration (at least 14 
days). The episode may begin either as watery diarrhea or as dysentery. 
Marked weight loss is frequent. There is no single microbial cause for 
persistent diarrhea. Enteroaggregative E. coli, Shigella and 
Cryptosporidium may play a greater role than other agents (WHO, 1992). 
In a population-based study, all infant deaths occurring in a one-year 
 3
period in the metropolitan areas of Porto Alegre and Pelotas, in southern 
Brazil, were studied. There were 227 infants who were presented with 
diarrhea during the fatal illness, and in 75% of these, diarrhea was 
considered the underlying cause of death. Acute diarrhea (of less than 14 
days duration) accounted for 28% of the deaths, persistent diarrhea for 
62% and dysentery for 10%. Approximately one-half of the children with 
persistent diarrhea were admitted to a hospital in the first two weeks of 
the episode. Hospital-acquired infections were likely to have contributed 
to one to two thirds of deaths due to dysentery and persistent diarrhea 
(Victora et al., 1992). Persistent diarrhea constitutes about 10% of cases 
of diarrhea and the main sequelae are dehydration, marked weight loss 
and malnutrition (Gamal, 1999). 
   
1.3 Aetiology and epidemiology of diarrheal diseases in 
children under five years of age: 
1.3.1 History of diarrheal disease in children: 
An important land mark on the understanding of epidemiology and 
aetiology of diarrhoeal disease and the cause of intestinal infection dates 
back to as far as 1854 when John Snow had shown that an outbreak of 
cholera in London could be traced to a single source of polluted water, 
the Broad Street pump (Cruickshank, 1973). The attempts to implicate 
certain organisms in infantile enteritis were started by Escherich who first 
isolated E. coli from stool of infants with diarrhea in 1885 (Wilson and 
Miles, 1964). Diarrhoeal disease itself is one of the commonest 
pathological conditions all over the world especially in the developing 
countries. Infantile diarrhea and different forms of dysentery prevail in 
many areas in the world (Cruickshank, 1973). 
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1.3.2 Diarrheal disease in children below five years of age in the 
developed world:  
Epidemiological investigation of serious outbreaks of infantile diarrhea in 
London and Aberdeen in late 1940s clearly showed that certain 
serological types of bacteria were responsible for those outbreaks 
(Cruickshank, 1973). Also in 1930s in the United Kingdom and in many 
other countries with temperate climate, epidemics of infantile diarrhea 
were attributed were in poor socio-economic groups (WHO, 1980). 
Hardy (1959) presented mortality rate as high as 572 deaths per 
1,000,000 of population per year during the period from 1868 to 1875 in 
New York City with remarkable decline during the following years of the 
twentieth century. Similarly, Wilson and Miles (1964) reported an 
average rate of 23 per 1000 during the years 1901-1905 in England and 
Wales. In the United Kingdom several studies were undertaken on the 
different aspects of diarrheal disease. The effect of diarrheal disease on 
the patient’s growth was shown to be related to the specific and 
nonspecific infection at the age of six to twelve months; this was shown 
to be an important factor in the sharp drop in growth (Gordan. (1971) 
reported that diarrhea in children, mostly in second year of life causes 
mortality rate of more than 140 per thousand children in the tropics and 
attack rate of one per ten and mortality rate of 20-40 per thousand of 
children in United Kingdom. Infectious diarrheal diseases  in children 
under five years of age  in the United States occur primarily as either 
sporadic cases with the peak incidence during the first year of life or as 
localized outbreaks in hospital nurseries which have become very rare  
now (Bradly et al., 1980). 
   
1.3.3 Diarrheal disease in children below five years in developing 
countries: Diarrheal diseases are identified as the largest single cause of 
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death among children in the developing world (Cruickshank, 1973). 
Rhodles and Northrup (1977) from Indonesia showed a death rate of 25% 
among malnourished children under five years of age with diarrheal 
diseases compared to a death rate of less than 14% in children regarded as 
well nourished. In Haiti 28000 infants or more, died due to diarrheal 
diseases annually (Kurrup et al., 1985). According to the 1999 World 
Health Organization Report, children from low to middle-income 
countries are 10 times more likely to die before reaching the age of five 
than children living in the industrialized world. In 1998, more than 50 
countries still had childhood mortality rates of over 100 per 1000 live 
births (IMCI, 2001). Diarrheal diseases constituted an important cause of 
morbidity and mortality, the attack rates in children less than 5 years old 
range from 1.0 to 2.5 approximately; 300 died per year from 
complications associated with diarrheal illness (Ramaswamy, 2001). 
 
1.3.3.1 Diarrheal diseases in Sudanese children under five years of 
age:  In Sudan, 5.4 million episodes of diarrhea were reported in 1977, 
50% of them were in children under five years. Data from Khartoum 
Emergency Hospital (1977) revealed that 46% of deaths in children 
whom were hospitalized in that year were due to gastroenteritis. The 
statistical data from Juba Teaching Hospital in 1982 indicates that 95% of 
the total deaths were due to diarrheal diseases in children in Juba district. 
These deaths were distributed as such, 40% under one year and 55% from 
1–5 years (Kurrup and Roth, 1982). Also, according to Taha (1981), in a 
series of 2000 deaths of children below the age of five years, 1200 (60%) 
were reported to have died of gastroenteritis. Second cause of death being 
respiratory tract infection showing that diarrhoeal diseases and respiratory 
tract infections are the major killing diseases. 
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Erwa (1972) reported significant incidence of diarrheal disease in 
neonates. In another study undertaken  at Khartoum North Hospital, Erwa 
(1975) carried out investigations on 654 Sudanese children suffering from 
diarrheal diseases revealed that bacterial agents were the most important 
aetiological factors; bacteria were detected in over 72% of patients 
examined. The commonest pathogens were enteropathogenic E. coli, 128 
isolates (27.8%) followed by Shigella strains 54 isolates (8.2%) 
Salmonella, strains 26 isolates (4.0%) and 83 isolates (12.7%) were 
untypable E. coli. Mixed infection with these organisms also occurred. 
On the other hand, a group of 439 normal children (controls) showed the 
presence of mixed normal fecal flora (44.4%) but few pathogens (18.2%) 
were detected. All children were of the age group 0–3 years. Sood (1980) 
found in a group of patients below two years that 48.4% of the patients 
had E. coli in stools, of these; the highest incidence was below the age of 
18 months. Twenty-eight point one percent of cases yielded Shigella on 
stool culture. The highest incidence of Shigella was between 12–18 
months of age. Twenty-one point eight of the stool culture showed 
Salmonella. The highest incidence was between 18–24 months. Sharaf 
(1985) found that In 365 children below five years, 73% showed 
pathogens on stool examination, the number of children showing 
enteropathogenic E. coli in their stool at Juba town and Vicinity was 
8.16% of the total number of the cases presented as cases of diarrhea. 
Shigella infection in children below age of five years in Juba district is 
reported in 15.4% of cases examined. However, enteritis due to 
Salmonella was not common among the agents causing diarrhoeal disease 
in children below age of five years in the area. Ismail (1994) studied 
diarrhea in children under five years of age in Khartoum State, he isolated 
E. coli, Proteus, and Pseudomonas. He reported that 76.3% of the 320 
clinical isolates were E. coli. In addition, many types of enteric bacteria 
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were isolated and identified from patients with bloody diarrhea by 
Elsadik (1998), who found that pathogenic bacteria were isolated from 
stools of 13 (11.5%) out of 113 patients with bloody diarrhea
 
In a study carried in Khartoum State, Elmuzzamill (2004) found that the 
commonest aetiological organisms were 107 (37.9%)  E. coli followed by 
67 (23.7%) Proteus, 12 (4.2%) Salmonella, 11 (3.9%) Shigella, 40 (8.8%) 
Klebsiella, 25 (14%) Pseudomonas and 10 (3.5%) Citrobacter in children 
with diarrheal diseases. 
 
1.3.4 Important causative agents of diarrhea:  
Until a few years ago, pathogenic organisms could be identified in the 
feces of only about 25% of children with acute diarrhea. Today using new 
techniques and experience, laboratory technicians can identify pathogens 
in about 75% of cases seen at a treatment facility and up to 50% of milder 
cases detected in community (WHO, 1992). 
 
 Bacterial, viral and parasitic pathogens associated with diarrhea were 
studied in infants and young children admitted to the paediatric clinic of 
the University Hospital of Sao Paulo in Brazil during a period of 13 
months, (Stewien et al., 1993). Pathogenic organisms were detected in 
78% of the diarrheic patients, 6% of whom had a mixed infection with 
two agents. Enteropathogenic E. coli (EPEC) was the most prevalent 
pathogen detected (22%), followed by Rotavirus (19%) and Adenovirus 
(10%). Altogether, 6% had diarrhea associated with Salmonella or 
Shigella and 3% showed diarrheal illness associated with Astrovirus. 
Infants less than 6 months of age were most commonly infected with 
enterobacteria (35%), mainly enteropathogenic E. coli (39%), whereas 
children of 6 months to 2 years presented more often with viruses (38%), 
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mainly rotaviruses (25%). Enteropathogens were found during all seasons 
of year and rotaviruses showed a seasonal variation. 
 
1.3.4.1 Bacterial causes: 
1.3.4.1.1 Escherichia coli: 
 This is one of the most versatile of all normal gut flora in man and 
animals, whereas others possess virulence factors, which enable them to 
cause infection in the intestinal tract or at other sites particularly the 
urinary tract. E. coli was first isolated from stools of infants with diarrhea 
in 1885 which was thus incriminated as a cause of enteritis (Wilson and 
Miles, 1964). Only after 1950, E. coli was described as enteropathogenic, 
enterotoxigenic and enteroinvasive. It has been shown to have several 
antigens, somatic (O) antigen as well as flagellar (H) and capsular (K) 
antigens. 
  
Strains of Escherichia coli belong to a large group of Gram–negative rods 
referred to as enterobacteria. These are aerobes and facultative anaerobes, 
non–spore forming and motile. They are oxidase negative, reduce nitrate 
to nitrite and ferment glucose with acid production (some also produce 
gas). They grow well on non–selective media. E. coli grows over wide 
range of temperature (15-45 0C). Most strains of E.coli ferment lactose 
producing large red colonies on MacConkey agar. E. coli can be 
differentiated from other members of enterobacteriaceae by biochemical 
reactions such as indole production and formation of acid and gas from 
lactose and other carbohydrates (Greenwood et al., 2002). 
 
1.3.4.1.1.1Pathogenic groups of E. coli strains:  
Since the mid-1940s, E. coli has been recognized as a cause of diarrhea. 
Subsequently it has been shown that at least five different pathogenic 
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groups are available to cause the disease (Hart et al., 1993). 
Enterotoxigenic E. coli (ETEC) and enteropathogenic E. coli (EPEC) 
produce non-inflammatory diarrhea, whereas enteroinvasive E. coli 
(EIEC), enterohaeorrhagic E.coli (EHEC) and enteroaggregative E. coli 
(EAggEC) produce an inflammatory diarrhea. ETEC strains are a major 
cause of diarrhea in infants, they produce diarrhea by attaching to the 
small intestinal mucosa and elaborate one or both of heat labile and heat 
stable toxins. EPEC strains attach firmly to the intestinal mucosa leading 
to dissolution of the brush border by inducing vesiculation of microvilli; 
this process is known as attaching-effacement, and in the jejunum and 
ileum result in a loss of brush border disaccharidase enzymes and a large 
area of absorptive surface. EPEC strains are a major cause of summer 
diarrhea in infants and neonatal diarrhea. EIEC strains attach to colonic 
enterocytes, penetrate by endocytotic mechanism and replicate therein; 
this results in necrosis and stripping of large areas of colonic mucosa and 
dysentery similar to but usually less severe than Shigella dysentery. 
EHEC strains produce attaching-effacement to the terminal ileal and 
colonic mucosa and release the toxin, verocytotoxin (VT) 1 or 2, leading 
to killing of colonic enterocytes and production of haemrrhagic colitis. In 
addition, VT can damage vascular endothelial cells, leading to haemolytic 
uraemic syndrome. The role of EHEC strains in diarrhea in children in 
the tropics is unknown. The most recently described group is the 
EAggEC, whose strains cause damage and blunt colonic villi by 
haemorrhagic necrosis, although the precise pathogenic mechanisms are 
unclear. EAggEC strains are major cause of chronic diarrhea in children 
(Hart et al., 1993). 
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Enterotoxigenic E. coli (ETEC): 
ETEC causes watery (secretary) diarrhea due to the production of 
plasmid–mediated toxins (LT, ST) in infants and adults, particularly in 
developing countries, it is often referred to as traveler’s diarrhea. ETEC is 
reported as a common cause of diarrhea in children and adults in 
developing countries e.g. Bangladesh, India, Brazil and Kenya. It is 
relatively infrequent in developed countries (WHO, 1981). 
 
Enteropathogenic E. coli (EPEC):                               
 EPEC causes vomiting, fever and prolonged diarrhea mainly in infants 
(less than 2 years) due to bacteria adhering to epithelial cells multiplying 
and causing lesions. EPEC is a major problem in developing countries. 
EPEC for instance is considered the primary cause of diarrhea in human 
infants and preschool children (Puente et al., 2001). 
Enteroinvasive E. coli (EIEC): 
EIEC causes dysentery (similar to shigellosis), fever and colitis with 
blood. Mucus and many pus cells are seen in fecal specimens due to 
bacteria invading and multiplying in epithelial cells (Puente et al., 2001). 
Enterohemorrhagic E. coli (EHEC) 
EHEC causes life–threatening hemorrhagic diarrhea (colitis) in all ages 
without pus cells and often without fever. It can progress to hemolytic 
uremic syndrome with renal failure. EHEC has been reported from 
Europe and North America, but less than from developing countries. 
Outbreaks have also occurred in refugee camps in Mozambique, 
Swaziland and Malawi (Cheesbrough, 2000). The verotoxin is essentially 
identical to Shiga (Shigella) toxin. After attachment of mucosa of the lage 
intestine, the produced toxin has direct effect on intestinal epithelium, 
resulting in diarrhea (Mims et al., 2004). The   0157:H7 is one of 
hundreds of strains of the bacterium Escherichia coli, is an emerging 
cause of food-borne illness (Cheesbrough, 2000). While most strains are 
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harmless and lives in the intestine of healthy humans and animals, this 
particular strain produces a powerful toxin that can cause severe illness. It 
was first identified as a cause of illness in 1982 during an outbreak of 
severe bloody diarrhea traced to contaminated hamburgers (Centers for 
Disease Control and Prevention (CDC), 1992). The combination of letters 
and numbers refers to specific markers found on the bacterium's surface 
that distinguish it from other E. coli serovars which have other O and H 
markers. It causes severe diarrhea and painful abdominal cramps. 
Diarrhea can be very bloody in some persons, particularly children under 
5 years of age and the elderly (Hamer et al., 1997). The infection can also 
cause a complication called uremic syndrome, in which the red blood 
cells are destroyed and the kidney fails. About 2–7% of infections lead to 
this complication. In the United States, hemolytic uremic syndrome is the 
principal cause of acute kidney failure in children, which is mostly due to 
E. coli O157:H7 (CDC, 2005). 
 Enteroaggregative E. coli (EAggEC): 
EaggEC causes chronic watery diarrhea and vomiting mainly in children 
due to bacteria adhering to tissue cells often in stacks (aggregates) 
(Cheesbrough, 2000). It is associated with persistent (lasting more than 
14 days) paediatric diarrhea in developing countries and most 
prominently in children elder than one year (Behrman et al., 2004). 
 
1.3.4.1.1.2 Laboratory diagnosis of E. coli strains: 
 After isolating the organisms from feces, specific tests are required to 
identify the strain that may be responsible for the specific condition, these 
include: 
a. A test to detect toxin production, which can be done by one of 
immunological techniques, e.g. enzyme linked immunosorbent assay 
(ELISA) (Mims et al., 1998). 
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 b. For detection of ETEC in feces, food and water, gene probes specific 
for heat labile toxin (LT) are useful. (Mims et al., 1998). 
c. Culturing in tissue culture cells is suitable for detection of EIEC. 
Infection with E. coli 0157:H7 is diagnosed by detecting the bacterium in 
stool. Most laboratories that culture stool do not test for E. coli 0157:H7, 
so it is important to request that the stool specimen be tested for this 
organism and to be cultured on Sorbitol–MacConkey agar. All persons 
who suddenly have diarrhea with blood should get their stool tested for E. 
coli 0157:H7 (Greenwood et al., 2002).   
 
1.3.4.1.2 Shigella spp.: 
Shigella spp. are members of enterobacteriaceae; they are Gram–
negative, non–spore forming, non–capsulated and non–motile rods. They 
are aerobes and facultative anaerobes; grow between 10–45 0C with 
optimum temperature of 37 0C. A selective medium is required to isolate 
Shigella species from feces, e.g. MacConkey Agar and Salmonella 
Shigella Agar. Shigellae infect only humans and mainly transmitted by 
the fecal–oral route. Poor sanitation, unhygienic conditions, and 
overcrowding facilitate the rapid spread of infection (Cheesbrough, 
2000). Only a few organisms are required to cause disease. House flies 
help to transfer shigellae from feces to food. The organisms are rapidly 
killed by drying (Cheesbrough, 2000). 
 
More than one million deaths occur in the developing countries yearly 
due to infections with Shigella (Philpott et al., 2000). The victims are 
mostly children and elderly, who are at greatest risk to experience 
mortality from Shigella infection (Mead et al., 1999). Shigella is most 
important and frequent cause of bloody diarrhea in young children 
(Rousman et al., 1988). It is very rarely found in healthy people. Its 
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presence in child with diarrhea is a strong evidence that it is causing the 
illness (Soll et al., 1982). Shigellosis is more severe than other forms of 
gastroenteritis. This is because when Shigella bacteria multiply in human 
gut, they invade cells and result in much tissue destruction (Philpott et al., 
2000). Also many of its strains produce a toxin which is very potent and 
destructive to tissues. Shigella toxin is very similar to the verotoxin of E. 
coli 0157:H7. Most people who are infected with Shigella develop 
diarrhea, fever and abdominal cramps. Severity of the disease ranges 
from mild to very severe diarrhea. The diarrhea is bloody in 25–50% of 
cases and mostly contains mucus. The illness starts 12 h to 6 days, 
usually 1–2 days after exposure (CDC, 1996). Dehydration is also a 
common symptom of Shigella infections. In 1993, an epidemic of 
dysentery due to Shigella was reported in northern Sudan with mortality 
up to 30% (Mirgany, 1993). In prospective study in 1994 in Khartoum 
State, bacterial causes of diarrhea were isolated from 400 patients. The 
common organisms were Campylobacter (2.75%), Shigella (2.5%) and 
Salmonella (1.7%) (Mohammed, 1994). 
 
Classification of Shigella species: 
According to antigenic structure and biochemical reactions, Shigella 
organisms are divided into four serogroups: 
I. Group A: Shigella desenteriae: This group contains 12 distinct 
serotypes; serotype 1 is the most important, which was formerly called S. 
shiga and it causes major epidemics of bacillary dysentery in developing 
countries with high loss of life among young children (over 6 months), 
followed by serotype 2 which was formerly called S. schmitzii 
(Cheesbrough, 2000). 
II. Group B: Shigella flexeneri: This group contains 6 related serotypes, 
4 of them are further divided into subserotypes. In developing countries, 
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depending on the region, about 60% of infections were found to be due to 
S. flexeneri (Cheesbrough, 2000). 
III. Group C: Shigella boydii: S. boydii contains 18 distinct serotypes. 
VI. Group D: Shigella sonnei: S. sonnei contains one serotype 
(Cheesbrough, 2000). 
 
1.3.4.1.3 Salmonella: 
    Salmonella species are members of the family enterobacteriaceae; they 
are Gram–negative rods, motile (except S. pullorum and S. gallinarum), 
non–spore forming and non–capsulated except S. typhi. They grow 
between 15 – 45 0C with an optimum temperature of 37 0C. A selective 
medium is required to isolate Salmonella from fecal specimens e.g. 
Salmonella–Shigella Agar (SSA), MacConkey Agar and Desoxycholate 
Citrate Agar (DCA) (Cheesbrough, 2000). 
 
Taxonomy of Salmonella: 
Taxonomy of Salmonella is complicated. According to Tindall et al., 
(2005), all members of the genus are included in only two species: S. 
enterica (formely called S. choleraesuis).  and S. bongori (formely called 
S. enterica subspecies bongori V). The former, which comprises the vast 
majority of pathogenic strains, is divided into six subspecies: enterica (I), 
salamae (II), arizonae (IIIa), diarizonae (IIIb), houtenae (IV) and indica 
(V). 
 
There are numerous (over 2500) serovars within both species, which are 
found in a variety of environments and which are associated with many 
different diseases. The vast majority of human isolates (>99.5%) are 
subspecies of S. enterica. For the sake of simplicity, the CDC recommend 
that Salmonella species be referred to only by their genus and serovar, 
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e.g., Salmonella Typhi instead of the more technically correct 
designation, Salmonella enterica subspecies enterica serovar Typhi. 
Salmonella isolates are most commonly classified according to serology 
(Kauffman–White classification). The main division is first by the 
somatic (O) antigens, then by flagellar (H) antigens. H antigens are 
further divided into phase 1 and phase 2. The full description of 
Salmonella isolate is given as (O antigens, Vi: H antigen phase 1: H 
antigen phase 2 (Tindall et al., 2005). 
 
Salmonella infection commonly result from ingestion of contaminated 
food (egg and poultry are the major sources). Children are at greatest risk; 
late summer and fall are the times of peak incidence (Koneman et al., 
2006). Although most episodes of Salmonellosis are mild, debilitated 
patients are at risk for serious bacteremia. In the typical out patient case, 
symptoms begin 12 to 36 h after ingestion and resolve within 5 days, 
although diarrhea may persist for up to 2 weeks. The initial presentation 
is rather non–specific although indicative of small bowel process, watery 
diarrhea, cramps, nausea, vomiting and fever. In addition to colonization, 
an enterotoxin is released that stimulates the secretory diarrhea. In later 
stages, invasion spread to the large bowel, and leucocytes may be noted 
in the stool. A distinguishing feature of salmonellosis is that leucocytes 
are often mononuclear cells. In severe cases, dysentery can develop.  The 
clinical course of Salmonella infection was described in 228 infants 
(Gruszynski et al., 1990). The infection was associated, most frequently, 
with diarrhea (with admixture of blood in stools in 57.2% of cases). In 
infants in the first three months of life, the course of the disease was more 
serious, with evidence of toxic tissue damage and prolonged diarrhea 
(Cheesbrough, 2000).  
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Salmonellosis includes several syndromes (gastroenteritis, enterocolitis, 
septicaemia, focal infection, and enteric fever or typhoid). Typhoid, 
caused by S. Typhi, is the most important infection in humans.  Enteritis 
due to Salmonella was not common among the agents causing diarrheal 
disease in children below age of five in Juba district (Sharaf, 1986). Two 
strains of Salmonella species were isolated from stools of two male 
patients at age of 18 months and two years and were found to be strains 
of Salmonella choleraesuis of (O) antigen. No Salmonella Typhi bacilli 
were detected in culture as etiological agent in diarrheal disease of 
children below five years of age at Juba district (Sharaf, 1986). 
  
1.3.4.1.4 Vibrio cholerae: 
 Vibrio cholerae causes cholera, which is endemic in about 80 countries 
(Cheesbrough, 2000). Two serogroups of V. cholerae cause epidemic 
cholera: V. cholerae 01 and V. cholerae, 0139; several other serogroups 
of V. cholerae cause diarrheal disease but not epidemic cholera. 
 
V. cholerae are Gram–negative, motile, usually curved rods (vibrio) and 
aerobe and facultative anaerobe. It can grow over a wide temperature 
range of 16 – 40 0C with an optimum of 37 0C. It grows best in alkaline 
pH (pH 8.2) and have excellent selective medium for the primary 
isolation, Thiosulphate Citrate Bile Salt Sucrose (TCBS) (Cheesbrough, 
2000). 
 
 
1.3.4.1.5 Campylobacter spp.: 
Campylobacter spp. is curved or S–shaped gram–negative rods. The 
delay in recognizing the importance of these organisms was due to their 
culture requirements which differ from those of enterobacteria (they are 
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microaerophilic and thermophilic) (MIims et al., 2004). The 
Campylobacter enterititis is the commonest form acute infectious diarrhea 
in most develoed countries. In developing countries, infection is 
hyperedemic, and children are repeatedly exposed to infection from early 
age (Greenwood et al., 20002).  
 
They have long been known to cause diarrheal disease in animals but are 
also one of the most common causes of diarrhea in humans. C. jejuni and 
C. coli cause enteritis, which may take the form of toxigenic watery 
diarrhea or dysentery (Cheesbrough, 2000). The organisms are able to 
produce enterotoxin and cytotoxin. In developing countries, C. jejuni and 
C. coli cause disease mainly in children less than two years. The 
organisms are found in the gut of poultry, pigs, sheep, goats, cattle and 
some other animals. The main sources of human infection are poultry, 
unpasteurized milk and contaminated water (fecal–oral route) 
(Cheesbrough, 2000). Campylobacter species are found as one of the 
main causative agents of bloody diarrhea in Sudanese children (Elsadik, 
1994). C. jejuni have recently emerged as one of predominant pathogens 
of childhood diarrhea in various parts of the world. It can be found in 
30% of healthy children. It causes diseases mostly in infants. It also infect 
animals especially chickens and dogs (Layla and Suliman, 1996). 
 
1.3.4.1.6 Yersinia enterocolitica: 
Yersinia enterocolitica causes gastroenteritis mainly in infants and young 
children, and occasionally acute mesenteric lymphadenitis (Cheesbrough, 
2000). Enteric infections usually produce a watery diarrhea. Some strains, 
however, are invasive and toxigenic, producing an inflammatory reaction 
with dysentery. Yersenia infections have been reported from South 
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Africa, Zaire and Nigeria. Y. enterocolitica can multiply in food 
refrigerated at 4 – 8 oC (Cheesbrough, 2000). 
Y. enterocolitica is Gram–negative coccobacillus, which shows bipolar 
staining. It is motile when cultured at 22 oC and non-motile at 37 0C. It is 
an aerobe and facultative anaerobe and non-lactose fermenting. A 
selective medium such as MacConkeyś agar or SSA is required to isolate 
Y. enterocolitica from fecal specimens (Jawetz et al., 1987). 
 
1.3.4.2 Minor of bacterial causes:   
The a aforementioned bacteria are known pathogenic agents causing 
enteritis, but some of other bacteria such as Proteus spp., Klebsiella spp., 
Pseudomonas aeruginsoa and enterococci are of doubtful role but 
associated with enteritis (Wilson and Miles, 1964). 
 
1.3.4.2.1 Proteus spp.: 
 Proteus mirabilis is the main species of medical importance. It causes 
urinary, abdominal and wound infections and septicemia. It is actively 
motile, non–capsulated, Gram–negative pleomorphic rods (Cheesbrough, 
2000). 
 
1.3.4.1.8 Pseudomonas spp.: 
Pseudomonas aeruginosa can be found in the intestinal tract, water, soil 
and sewage and is frequently found in moist environments in hospitals. It 
is able to grow in some eye drops, saline and other aqueous solutions. 
Because of this, many infections with P. aeruginosa are opportunistic, 
hospital-acquired, affecting those already in poor health and 
immunosuppressed (Greenwood et al., 2002). It has been implicated as 
cause of epidemic diarrhea of infancy. It can cause haemorrhagic nodules 
in many areas (Flick et al., 1979). 
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P. putida and P. fluorescens are less commonly isolated and are 
opportunistic species of low pathogenicity. They are however, able to 
grow at 4 oC and are occasionally found as contaminants of blood stored 
in blood banks. Severe reactions can occur if such contaminated blood is 
transfused. To identify them from Pseudomonas aeruginosa, grow them 
at 4 oC, the later cannot grow (Cheesbrough, 2000). 
 
1.3.4.1.9 Klebsiella pneumoniae: 
 K. pneumoniae causes chest infections and occasionally severe 
bronchopneumonia with lung abscesses. Infections are often 
opportunistic, occurring in those with existing chest disease or diabetes 
mellitus, or in malnourished persons (Cheesbrough, 2000). 
K. pneumoniae belongs to enterobacteriaceae; it is Gram–negative, non–
spore forming, capsulated and non–motile rods. They are aerobes and 
facultative anaerobes; grow between 10–45 oC with optimum temperature 
of 37 0C. A selective medium is required to isolate K. pneumoniae e.g. 
MacConkey’s agar. 
 
1.3.4.2 Viral causes:  
Recent evidence has indicated that viruses are responsible for the 
majority of diarrheal episodes in infants, young children, both in 
developed and developing countries, and account to considerable extent 
for malnutrition owing to their association with malabsorption. A clear 
understanding of their epidemiology is necessary in order to be able to 
prevent their transmission and, especially carried out attempts to 
complicate the prevent through   develop suitable vaccines (WHO, 1980). 
The most common enteric viruses responsible for diarrhea are Rotavirus, 
enteric adenoviruses, caliciviruses including the Norwalk agent and 
Astrovirus (Farthing, 2001). The infections are usually mild to moderate 
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in severity, self–limiting and of short duration; about one-third of 
children under 2 years of age experience an episode of diarrhea due to 
rotaviruses probably spread by person-to-person transmission (WHO, 
1993). 
 
1.3.4.3   Protozoal causes: 
 Mucosal adhesion of Giardia lamblia and Cryptosporidium to the small 
bowel epithelium causes shortening of the villi, which may be the cause 
of diarrhea (Elsadik, 1998), Cryptosporidium is an important cause of 
persistent diarrhea, the infecting dose is up to 10 cysts. It is an important 
cause of diarrhea in infants, young children and adults. Children below 
the age of 5 years are the most frequently affected group (WHO, 1980). 
Cryptosporidium species have been found associated with diarrheal 
diseases in most part of the world (smith 1989). It has been identified in 
3% of patients with diarrhea in developing countries by using reliable 
method of stool examination (Baxby etal., 1984). Mucosal invasion by 
Entamoeba histolytica causes diarrhea by invading epithelial cells in the 
colon or ileum (WHO, 1980). E. histolytica as a cause of diarrheal 
disease in children is reported to be common all over the tropics with a 
prevalence rate vary between 2 – 60% and transmitted by fecal–oral route 
(WHO, 1980). E. histolytica was found in 7.6% children with diarrhea 
and giardiasis in 4% in Juba district (Sharaf, 1986). 
 
1.5 Mechanisms of infection: 
Enteropathogenic organisms cause diarrhea either by their invasiveness or 
by the ability to excrete an enterotoxin. Invasive organisms such as 
Shigella, Salmonella and certain strains of E. coli penetrate the mucosa of 
the distal small intestine and colon and multiply within the mucosa 
causing acute inflammatory reactions and mucosal damage; leading to a 
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disturbance in the colonic salt and water transport. Thus, diarrhea is 
caused by the inability of damaged colon to absorb the increased fluid 
and salt coming from small intestine. The non–invasive organisms such 
as V. cholerae and some strains of E. coli, elaborate an enterotoxin, which 
induces secretion of water and electrolytes from the small gut without 
affecting the mucosal structure (Sood, 1980). Also, there is an evidence 
that invasive organisms stimulate prostaglandin synthesis at the site of 
inflammation and that the prostaglandins induce fluid secretion. 
 
1.6 Treatment and control of diarrheal diseases: 
 In the past, diarrheal diseases of all aetiologies and in all age groups 
were treated with antibiotics and antidiarrheal drugs, but still a large 
number of deaths occur because of severe dehydration (Cash et al., 1970). 
Since then dehydration from all causes and in all ages could be 
effectively treated by simple oral rehydration.  The most important 
treatment of diarrhea is prevention of dehydration (Leung et al., 1989). 
Rehydaration and maintenance of proper fluid and electrolyte balance are 
the most important aspects of treatment, while intravenous rehydration is 
best form of treatment for children who are in shock or unable to drink 
(Leung et al., 1989). Antimicrobial therapy should be used in severe 
cases of diarrheal diseases to reduce the duration of illness and may be 
used to prevent traveler's diarrhea (Nataro et al., 1998). For 162 
diarrheagenic Escherichia coli strains and 28 Shigella strains, more than 
75% were resistant to ampicillin, chloramphenicol and trimethoprim-
sulfamethoxazole. Multiresistance was detected in 89.5% of E. coli 
strains and 78.6% of Shigella strains. However, the progressive increase  
in antibiotic resistance among enteric pathogens in developing countries 
is becoming a critical area of concern (Hoge et al., 1998). In addition, the 
overuse and misuse of antibiotics in the treatment of diarrhea could lead 
 22
to an increase of antibiotic resistance (Hoge et al., 1998). Ismail (1994) 
studied microbiological identification and antibiotic resistance pattern of 
clinical isolates from children with gastroenteritis. The result 
demonstrated high levels of multi–drug resistance among the isolated 
enteric bacteria. In study conducted by Elsadik (1998), 4% of the isolates 
were resistant to co-trimoxazole, 55% to ampicillin, 69% to erythromycin 
and 22% to chloramphenicol, while 100% of the isolates were sensitive to 
nalidixic acid ciprofloxacin and gentamicin. The possibility of 
appearance of resistance should always be put in mind, because resistance 
is increasing in most of enteric bacteria in Sudan (Alawia, 1994). 
                                                                                          
To control diarrheal diseases, attention should be focused on prevention 
of occurrence of the disease by: a. immunization, which is a crucial 
intervention for diarrhea control (Park, 1997); b. breast feeding, newborn 
infant with diarrhea with no signs of dehydration can be treated with 
breast-feeding alone. It helps the infant to recover from an attack of 
diarrhea both in terms of nutrient supplies and in terms of its rehydration 
effect. In addition, it has protective properties that prevent further 
infection (Park, 1997). 
 
 In general, early symptomatic treatment and effective usage of 
antibiotics can substantially reduce the risk of severe morbidity or death 
(WHO/CDD (Control of diarrheas disease), 1994). 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Collection of specimens: 
A total of 50 stool specimens were collected from infants and children 
presented at Khartoum Pediatric Hospital, who were suffering severe 
diarrhea. The specimens were collected from patients below five years of 
age and from both sexes. Distribution of specimens according to age and sex 
of patients has been shown in Table I. Twenty-six specimens were collected 
from male patients and 24 from females. Forty (80%) specimens were from 
patients of two years old and less. 
 
For collection of specimens, sterile plastic containers of sufficient size and 
within a tight fitting leak-proof lid were used. The specimens were delivered 
to the laboratory, and processed immediately or as soon as possible, but 
often not more than two hours after collection as advised by WHO (1987). 
All specimens were taken as protozoa- and helminthes-free.  
 
Table I. Distribution of specimens according to age and sex of patients 
 
Sex Age group 
(Months) Male Female 
Total 
    
≤ 12   30 
13 – 24   10 
25 – 36   5 
37 – 48   2 
49 - 60   3 
Total 26 24 50 
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2.2 Asepsis and sterilization:  
2.2.1 Flaming: 
Flaming was used to sterilize slides, cover slips and glass rods. 
 
2.2 2 Red heat: 
It was used to sterilize loop wires, needles and spatulas by holding them 
over Bunsen burner flame until they became red. 
 
2.2.3 Hot air oven: 
It was used to sterilize metals, glass wares (such as test tubes, graduate 
pipettes, flasks, Petri dishes) and cotton swabs. The holding period was one 
hour and temperature was 160°C. 
  
2.2.4 Moist heat (autoclaving): 
Media, solutions and plastic wares were sterilized by autoclaving at 121°C 
(15 Ib/inch2) for 15 minutes. 
  
2.2.5 Irradiation: 
 Ultraviolet irradiation for 20 minutes was used to sterilize media pouring 
room. 
  
2.2.6 Disinfection: 
Phenol disinfectant and 70% alcohol were used for disinfecting the floor and 
working preparation room in the laboratory. 
  
2.3 Reagents and indicators: 
2.3.1 Reagents: 
Unless otherwise specified, all reagents were obtained from British Drug 
House (BDH), London, and prepared according to Barrow and Feltham 
(1993). 
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2.3.1.1 Normal saline:  
Normal, physiological, or isotonic saline was prepared as described in Oxiod 
manual by dissolving 8.5 grams of sodium chloride in one liter of distilled 
water to obtain 0.85% concentration. 
  
2.3.1.2 Hydrogen peroxide (H2O2): 
It was prepared as 3% aqueous solution, protected from light and stored in a 
cool place and used for catalase test. 
  
2.3.1.3 Potassium hydroxide: 
This was obtained from Hopkins and Williams, London; it was prepared as 
40% solution and it was used for Voges-Prokaeur (V P) test. 
  
2.3.1.4 Kovac’s reagent: 
This reagent is composed of 5 g of para-dimethyl amino benzaldyhyde, 75 
ml amyl alcohol and 25 ml concentrated hydrochloric acid. The aldehyde 
was first dissolved in alcohol at 50 - 55°C. Then cooled and the acid was 
added carefully, the reagent was stored at 4°C for later use in indole test. 
  
2.3.1.5 Lead acetate: 
Filter paper strips, 4–5 mm wide and 50-60 mm long were impregnated in 
lead acetate saturated solution and then dried and it was used for hydrogen 
sulphide test. 
  
2.3.1.6 Sodium hydroxide and hydrochloric acid:  
Sodium hydroxide (1N) and hydrochloric acid (1N) were used to adjust the 
pH of different media. 
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2.3.1.7 Methyl red solution: 
This solution was prepared by dissolving 0.04 gram of methyl red in 40 ml 
ethanol and the volume was made up to 100 ml with distilled water. 
 
2.3.1.8 Alpha–naphthol solution: 
This solution was obtained from Hopkin and Williams, London; and it was 
prepared as 5% solution. It was used for V. P. test. 
 
2.3.1.9 Tetramethyl–P–phenyline diaminehyrochloride: 
This reagent was obtained from Hopkin and Williams, London; and it was 
prepared as 1% aqueous solution and it was used to impregnate strips of 
filter paper, which were then oven-dried and used for oxidase test. 
  
2.3.2 Indicators: 
2.3.2.1 Bromothymol blue: 
 This indicator was prepared by dissolving 0.2 g of bromothylmol blue 
powder in 100 ml distilled water. 
 
3.3.2.2 Andrade’s indicator: 
 It is composed of acid fuchsin (5 g), distilled water (one litre) and NaOH 
(150 ml). It was prepared by dissolving the acid fuchsin in distilled water 
and then 150 ml of alkali solution were added, mixed and allowed to stand at 
room temperature for 24 hour with frequent shaking until the color changed 
from red to brown. 
  
2.3.2.3 Bromocrysol purple: 
Bromocrysol purple (0.2%) was added to 37 ml of 0.05 1N NaOH and then 
63 ml distilled water were added. 
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2.3.2.4 Gram’s stain reagents:   
2.3.2.4.1 Lugol’s iodide: 
Potassium iodide  20 g 
Iodine  10 g 
Distilled water  1 litre  
Potassium iodide was weighed and dissolved in about a quarter of water. 
Iodine was added to potassium iodide solution and mixed well; the solution 
was made up to one litre with distilled water, mixed well and then stored in 
dark place at room temperature. 
 
2.3.2.4.2 Crystal violet: 
Formula: 
Crystal violet  20.0 g 
Ammonium oxalate   9.0 g 
Ethanol  Up to 95 ml 
Alcohol was added to the crystal violet and mixed well until the dye was 
completely dissolved. Ammonium oxalate was weighed and dissolved in 
about 200 ml of distilled water and then it was added to the stain and made 
up to one litre with distilled water and mixed well; then stored at room 
temperature. 
 
2.3.2.4.3 Acetone–alcohol decolorizer: 
Formula: 
Acetone  500 ml 
Ethanol or methanol, absolute  475 ml 
Distilled water  25 ml 
Distilled water was mixed well with alcohol; acetone was measured and 
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added immediately to alcohol solution, mixed well and stored at room 
temperature. 
 
2.3.2.4.4 Diluted carbol fuchsin: 
One volume of strong carbol fuchsin was added to 10–20 volumes of 
distilled water.  
Strong carbol fuchsin consists of two solutions: 
1. Solution A: Ten grams of basic fuchsin mixed with 10 ml of ethanol 
(95%) and dissolved in stoppered bottle and kept at 37°C overnight. 
2. Solution B: Five grams of phenol were mixed with 100 ml of distilled 
water and shook to dissolve. 
Strong carbol fuchsin was prepared by pouring 10 ml of solution A into 100 
ml of solution B. 
 
2.4 Culture media:  
All media used in this study were purchased from Oxoid (Ltd), unless other 
wise specified. 
 
2.4.1 Liquid media: 
2.4.1.1 MR-VP medium (Glucose–phosphate medium): 
Ingredients  (g/l) 
Peptone   5 g 
K2HPO4  5 g 
Glucose  5 g 
The solid substances were dissolved in one litre of distilled water and the pH 
was adjusted to 7.2 and then distributed into 1.5 ml volumes in test tubes. 
The tubes were then sterilized by autoclaving at 110°C (10Ib/inch2) for 10 
minutes. 
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2.4.1.2 Peptone water: 
The medium was obtained from Himedia Company. Ten grams peptone and 
5 gram of sodium chloride were dissolved into one litre of distilled water 
and the pH was adjusted to 7.2. The medium was distributed into five ml 
amounts in universal bottles and test tubes and was then sterilized by 
autoclaving for 15 minutes at 121°C. 
  
2.4.1.3 Nitrate medium:  
Potassium nitrate (0.2 g) and peptone (5.0 g) were dissolved into 1000 ml 
distilled water. The medium mixture was distributed in 5 ml amounts in test 
tubes and then autoclaved for 15 minutes at 121°C. 
 
2.4.1.4 Peptone water sugar: 
This medium contained peptone water (15 g), Andrade’s indicator 10 ml, 
sugar (10 g) and distilled water (1000 ml). The pH of peptone water was 
adjusted to 7.2 before the addition of Andrade’s indicator. The complete 
medium was mixed and then distributed into portions of 2 ml into clean test 
tubes containing Durham’s tubes (in case of glucose) and sterilized by 
autoclaving at 115°C for 10 minutes. 
  
2.4.1.5 Selenite-F-broth: 
This medium contained sodium hydrogen selenite (sodium selenite) (0.8 g), 
peptone (1.0 g), mannitol (0.8 g), di–sodium hydrogen phosphate, anhydrous 
(N2HPO4) (2.0 g) and distilled water (200 ml). 
 
The dry ingredients were mixed in water and heated to 75-80°C to dissolve 
the solids, pH was adjusted to 7.0, and then the medium was dispensed in 5 
ml amounts in screw–capped universal bottles; after that it was sterilized by 
steaming for 20 minutes. The sterilized medium was stored in cool dark 
place. 
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2.4.2 Semi-solid media: 
2.4.2.1 Oxidation–fermentation (O/ F) medium: 
This medium contained peptone (2.0 g), sodium chloride (5.0 g), di–
potassium hydrogen phosphate, anhydrous (K2HPO4) (0.3 g), agar (2.5 g), 
glucose (10.0 g), bromothymol blue solution (1% w/v) (3 ml ) and distilled 
water 1 litre.  
The medium was prepared according to Barrow and Feltham (1993) by 
dissolving the solids in one litre of distilled water and pH was adjusted to 
7.1, then the indicator was added and mixed. The medium was then 
distributed into 10 ml volumes into test tubes and sterilized by autoclaving at 
115°C for 10 minutes. 
 
2.4.2.2 Motility medium (Craigie tube medium):  
This medium contained nutrient broth (Oxoid) (13 g) and agar (Oxoid agar 
No. 1) (5 g). 
The medium was prepared as described by Barrow and Feltham (1993). 
Thirteen grams of dehyetrated nutrient broth were added to 5 g of agar and 
were dissolved in one litre of distilled water. The pH was adjusted to 7.4; 
this medium was dispensed in volumes of 5 ml into 20 ml test tubes 
containing the appropriate Craigie tubes. The medium was then sterilized by 
autoclaving at 121°C for 15 minutes. 
 
2.4.3 Solid media: 
2.4.3.1 MacConkey’s Agar:  
This medium contained peptic digest of animal tissue (20 g), lactose (10 g), 
bile salt (1.5 g), sodium chloride (5 g), crystal violet (0.001 g), neutral                          
red (0.05 g) and agar (15 g). 
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Fifty two grams of dehydrated powder were added to 1 litre of distilled 
water, mixed and then boiled in water bath to dissolve the ingredients 
completely. After dissolution and adjustment of the pH the medium was 
sterilized by autoclaving at 121°C for 15 minutes and then poured into 
sterile Petri dishes in 20 ml amounts and the plates were left to solidify at 
room temperature on flat surface. 
  
2.4.3.2 Sorbitol MacConkey’s Agar (Oxoid, reconstituted):  
This medium contained peptic digest of animal tissue (20 g), sorbitol (10 g), 
bile salt (1.5 g), sodium chloride (5 g), crystal violet (0.001 g), neutral red 
(0.05 g) and agar (15 g). 
Fifty two grams of dehydrated powder were added to one litre of distilled 
water, mixed and boiled in water bath to dissolve the ingredients completely. 
It was then sterilized by autoclaving at 121°C for 15 minutes and poured 
into sterile Petri dishes in 20 ml amounts and the plates were left to solidify 
at room temperature on flat surface. 
 
2.4.3.3 Kligler’s Iron Agar (KIA): 
This medium composed of casein enzyme hydrolysate (20.0 g), beef extract 
(3.0 g), yeast extract (3.0  g), sodium chloride (5.0 g), lactose (10.0 g), 
glucose (anhydrous) (1.0 g), sodium thiosulphate,  hydrous (0.3 g), ferrous 
sulphate  (0.2 g), phenol red (0.25 g) and agar (15.0 g). 
Dehydrated medium (57.3 g) was suspended in 1 litre of distilled water and 
then boiled to dissolve completely. The dissolved medium was dispensed 
into test tubes in 10 ml amounts, and then sterilized by autoclaving at 121°C 
for 15 minutes. The tubes were allowed to cool in a slope position with 
about one inch butt. 
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2.4.3.4 Nutrient agar:  
The medium contained 'Lab-lemco' powder (1.0 g), yeast extract (2.0 g), 
peptone  (5.0 g ), sodium chloride (5.0 g) and agar No. 3 (15.0 g). 
Twenty eight grams of dehydrated medium were dissolved in one litre of 
distilled water, and then brought to boiling to dissolve completely. After 
dissolution the medium was sterilized by autoclaving at 121°C for 15 
minutes, and then cooled to about 50°C and distributed in 20 ml amounts in 
sterile Petri dishes. The plates were left to solidify at room temperature on 
leveled surface. Also, the medium was distributed in 5 ml amounts in Bijou 
bottles and allowed to solidify in a slope position. 
     
2.4.3.5 Salmonella–Shigella (SS) agar: 
The medium was obtained from Himedia Company in dehydrated form. It 
contained peptic digest of animal tissue (5.0 g), beef extract (5.0 g), bile salt 
mixture (8.5 g), lactose (10.0 g), sodium citrate (10.0 g), neutral red (0.0025 
g), brilliant green (0.00033 g) and agar (15.0 g). 
The medium was prepared according to manufacturer’s instructions by 
dissolving 53.0 grams in 1 litre of distilled water, and then heated to boiling 
with frequent agitation to dissolve the medium completely. Then it was 
cooled to about 50°C, mixed well and poured into Petri dishes, which were 
left to solidify at room temperature on leveled surface. 
 
2.4.3.6 Simmons’s citrate agar: 
It is a dehydrated medium obtained from Difco. It composed of MgSO4 (2.0 
g), NH4H2PO4 (0.2 g), NaNH4PO4 (0.8 g), sodium citrate (tri-basic) (0.08 g), 
agar No. 3 (15 g) and bromothymol blue (0.08 g).       
Eighteen grams of the dehydrated medium were suspended in 1 litre of 
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distilled water, brought to boiling to dissolve completely. The pH was 
adjusted to 7.0 and then the medium was sterilized by autoclaving at 121°C 
for 15 minutes. The medium was then dispensed into Bijou bottles in 
portions of 5 ml each and left to solidify in a slope position. 
 
2.4.3.7 Urea agar base: 
This medium contained peptone  (1.0 g), dextrose (1.0g), sodium chloride 
(5.0 g), Phenol red (0.012 g), di-sodium phosphate (1.2 g), potassium 
dihydrogen phosphate (0.8 g) and agar (15.0 g). 
The medium was prepared according to manufacturer’s instructions by 
dissolving 2.4 gram of the dehydrated powder in 95 ml of distilled water, 
and then dissolved by boiling. It was then sterilized by autoclaving at 121°C 
for 15 minutes. Then it was cooled to 50°C and 5 ml of sterilized 40% urea 
solution (Oxoid SR 20) were added under aseptic condition. The complete 
medium was distributed into sterile Bijou bottles in 5 ml amounts and 
allowed to solidify in a slope position. 
  
2.4.3.8 Ammonium salt sugars (ASS):  
 ASS was prepared as described by Smith et al. (1952). It contained 
(NH4)2HPO4  (1.0 g), KCl (0.2 g), MgSO4.7H2O (0.2 g),  yeast extract (0.2 
g), agar (20 g), distilled water (1000 ml) and bromocysol purple, 0.2% (0.04 
ml). Solids were added to water and dissolved by steaming, and then the 
indicator was added and the mixture was sterilized by autoclaving at 115°C 
for 20 min. The basal medium was allowed to cool to about 60°C and 
appropriate carbohydrate was added as a filtered  sterile solution to give a 
final concentration of 1%,  mixed and distributed aseptically into sterile test 
tubes which were inclined so that the medium set in a slope and butt. 
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2.5 Culture of specimens: 
Each of the collected specimens was inoculated onto MacConkey’s agar, and 
into Selenite-F-broth medium. The inoculated media were incubated at 37°C 
for 24 hours. The growth from Selenite-F-broth was sub-cultured onto 
Salmonella-Shigella agar and incubated at 37°C for 24 hours. After 
incubation period, discrete colonies were purified by subculturing procedure 
and smears were made before and after purification from each type of 
colony. The smears were dried into air, fixed by heating, and stained by 
Gram’s methods as described by Barrow and Feltham (1993). The stained 
smears were examined under light microscope for cell morphology and 
staining reaction. 
  
The pure cultures were then used for studying cultural and biochemical 
characteristics. 
 
2.6 Identification of isolates: 
The purified isolates were identified according to criteria described by 
Barrow and Feltham (1993). This included staining reaction, organism 
morphology, growth condition, colony characteristics on different media, 
motility and biochemical characteristics. 
 
 
2.6.1 Microscopic examination: 
A smear was made from each type of colony on primary culture and from 
purified colonies, fixed by heating and stained by Gram’s method. Then the 
stained smears were examined microscopically by oil immersion lens. The 
smears were examined for cell morphology and arrangement, presence of 
capsule and staining reaction. 
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2.6.1.1 Staining method: 
Gram’s staining method:   
1. Crystal violet was added to fixed smear for 30 sec.   
2. Washed with distilled water.  
3. Lugol’s iodine was added for 30 sec.  
4. Decolorized with acetone–alcohol for 2-3 seconds. 
5. Washed with distilled water. 
6. Counter stained with dilute carbol fuchsin for 30 sec.              
7. Washed with distilled water. 
8. Dried with filter paper and examined under microscope by oil 
immersion objective lens.  
Gram–positive bacteria appeared purple, while Gram–negative bacteria 
appeared red. 
  
2.6.1.2 Cultural characteristics:  
The colony characteristics of all isolates (shape, size, consistency, opacity, 
pigments and type of growth on different media) were observed. 
 
2.6.2 Biochemical testing: 
All the following biochemical tests were conducted and performed 
according to Barrow and Feltham (1993).    
2.6.2.1 Primary tests: 
2.6.2.1.1 Catalase test: 
A drop of 3% H2O2 was placed on a clean slide and a colony of test 
organism cultured on nutrient agar was picked by glass rod and added to the 
drop of H2O2. A positive result was indicated by immediate production of air 
bubbles. 
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2.6.2.1.2 Oxidase test: 
A strip of filter paper, which was soaked in 1% solution of tetra methyl–P–
phenylene diamine dihyrochloride (oxidase reagent) and dried in hot air 
oven, was placed on a clean glass slide by forceps. A fresh young test 
culture from nutrient agar was picked off with a sterile glass rod and rubbed 
on the filter paper strip. If blue–purple color developed within 5-10 seconds, 
the reaction was considered positive. 
  
2.6.2.1.3 Oxidation–fermentation (O/F) test: 
The test organism was inoculated by stabbing with straight wire into two test 
tubes of Hugh and Leifson’s medium. To one test tube a layer of melted 
sterile soft paraffin oil was added to seal the medium from air, both test 
tubes were incubated at 37°C and were examined daily for up to two weeks. 
Yellow color in the open tube only indicated oxidation reaction, yellow 
color in both tubes indicated fermentation reaction and green or blue color in 
the open tube and yellow color in sealed one indicated production of alkali, 
while green in both tubes indicated that no oxidation or fermentation of 
glucose. 
 
2.6.2.1.4 Gas from glucose:  
Tubes of glucose sugar medium were inoculated with the test culture and 
incubated for up to 7 days at 37°C; production of acid and gas was indicated 
by the presence of empty space in the inverted Durham’s tube. 
2.6.2.1.5 Motility test:  
By a sterile straight wire, a small piece of colony was picked and stabbed in 
the center of the semi-solid agar in the Craigie tube. This preparation was 
incubated at 37°C overnight. The growth out side Craigie tube and turbidity 
in the medium indicated the organism was motile. 
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2.6.2.2 Secondary tests: 
2.6.2.2.1 Citrate test: 
The test organism (grown in nutrient agar) was heavily inoculated into a 
slope of Simmons’s citrate agar, then incubated at 37°C and examined after 
24 hour and daily for up to 7 days. Blue color and growth of the organism 
indicated positive result; green and no growth indicated negative result. 
    
2.6.2.2.2 Urease test: 
A slope of Christensen’s urea agar medium was heavily inoculated with test 
organism, incubated at 37°C and examined after 24 hours and daily for 5 
days.  If the color changed from yellow to red–pink, it was considered as a 
positive result. 
 
2.6.2.2.3 Indole test: 
The test organism was cultured into peptone water which contains 
tryptophan and incubated at 37°C for 48 hour. One milliliter of Kovac’s 
reagent which contains 4–P–dimethylamine benzaldehyde was run down 
along side of the test tube. Appearance of pink color in the reagent layer 
within a minute indicated a positive reaction. 
 
 
2.6.2.2.4 Methyl red (MR) test: 
Tubes containing glucose–phosphate peptone water medium were inoculated 
with 24 hour peptone water cultures and then incubated at 37°C for 24 hour. 
Two drops of methyl red reagent were added, shaken well and examined. 
Appearance of bright red color indicated a positive reaction whereas orange 
yellow color indicated a negative reaction. 
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2.6.2.2.5 Voges–Proskaeur (V.P.) test: 
The test culture was inoculated into glucose phosphate medium and 
incubated at 37°C for 48 hour. 0.6 ml of 5% α-naphthol followed by 0.2 ml 
of 40% potassium hydroxide (KOH) aqueous solution were added to 1 ml of 
culture medium. The mixture was well shaken and examined after 15 
minutes and after one hour. When bright pink color developed, the reaction 
was regarded as positive, indicated production of acetyl – methyl carbinol. 
   
2.6.2.2.6 Hydrogen sulphide (H2S) production test:  
This test was performed by two methods: 
 a. Production in Kiligler’s Iron Agar (KIA). 
A tube of KIA was inoculated by stabbing the butt and streaking the slope, 
then incubated at 37°C. The tubes were observed daily for up to 7 days for 
blackening of the butt which indicated H2S production. 
b. H2S production was also examined by lead acetate paper method. A tube 
of peptone water medium was inoculated by test organism and lead acetate 
paper was inserted between the cotton plug and the tube, incubated at 37°C 
and examined daily for a week. Blackening of the paper was considered 
positive result. 
 
2.6.2.2.7 Sugar fermentation test: 
 Carbohydrate medium was inoculated with 24 h peptone water culture, then 
incubated at 37°C and examined daily for up to 7 days. Production of acid 
was indicated by appearance of reddish or pink color. 
  
2.6.2.2.8 Nitrate reduction test: 
The test culture was inoculated into nitrate broth and incubated at 37°C for 
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24 h. Then 1 ml of solution A followed by 1 ml of solution B of the nitrate 
test reagent were added. After few minutes, development of red color was 
considered indicative to reduction of nitrate to nitrite. If a red color didn’t 
develop, zinc was added to see whether there was residual nitrate or not. Red 
color development indicated reaction by zinc but not by organism, while 
unchanged color indicated nitrate in original medium had been reduced 
completely and nitrite was further broken down by the test organism. 
  
2.6.2.2.9 Ammonium salt sugar (ASS) test: 
A slope of the medium was inoculated at surface with test culture and 
incubated at 37°C for up to 15 days. A positive result was shown by 
colorless appearance. 
                                
2.6.2.2.10 Sorbitol MacConkey’s agar test: 
The test was described by cheesbrough (2000). It is especially used to 
differentiate between the isolates of E. coli serotype O157:H7 and the other 
isolates of E. coli. The test culture was inoculated onto sorbitol 
MacConkey’s agar medium and incubated at 37°C for 24 h. Isolates that 
produced colorless colonies were considered as E. coli serotype O157:H7 
indicated that it cannot ferment sorbitol sugar, but other serotypes can 
ferment this sugar. 
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                           CHAPTER THREE 
RESULTS 
 
3.1 Isolation: 
Fifty faecal specimens were collected randomly from diarrheal children 
below five years of age. The samples were inoculated onto appropriate 
differential and selective media (MacConkey’s agar, selenite-F-broth 
and Shigella-Salmonella agar media) and were incubated aerobically at 
37oC. All specimens showed bacterial growth, resulting in a total of 77 
isolates. Each of 31 specimens gave one type of growth, whereas 19 
specimens showed mixed type of colonies. The pure isolates were 
preserved in sterile bottles containing nutrient agar. 
 
3.2 Identification:  
 According to Gram’s method of staining, all of the isolates were Gram-
negative. 
  
 Microscopic examination of Gram’s stained smears, study of cultural 
characteristics on the media and conditions specified and the 
biochemical properties (Tables III and IV) of each isolate were the 
identification tools. Accordingly, the 77 isolates were identified as 
follows:  48 isolates (62.34%) were identified as E. coli, followed by 10 
(13.0%) as Kelbsiella pneumoniae, 6 (7.8%) as Proteus mirabilis, 4 
(5.2%) as Pseudomonas aeruginosa, 4 (5.2%) as Shigella spp, 3 (3.9%) 
as Citrobacter freundii, 1 (1.3%) as Enterobacter aerogenes and 1 
(1.3%) as Serratia marcescens (Table I & Fig.1). 
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E. coli was isolated from 48 out of 50 specimens examined (96%); 
followed by Kelbsiella pneumoniae (20%) and Proteus mirabilis (12%). 
  
3.2.1 Characteristics of bacterial species: 
3.2.1.1 E. coli isolates: 
3.2.1.1.1 Microscopic examination: 
Under the microscope, E. coli isolates appeared as Gram-negative, short 
to medium slender rods, arranged singly and rarely in pairs. 
Encapsulated isolates were not detected. 
   
3.2.1.1.2 Cultural characteristics of E. coli: 
On MacConkey’s agar medium, large, pink, circular, convex and 
smooth colonies were observed indicating lactose fermentation. On 
Salmonella-Shigella agar, lactose fermenting colonies, which were pink 
and small, were observed. In addition, on sorbitol MacConkey’s agar 
medium, ten E. coli isolates showed colorless colonies indicating that 
they were not able to ferment the sorbitol sugar. These isolates were 
considered as E. coli serotype O157:H7. 
 
3.2.1.1.3 Biochemical reactions:  
All isolates were found to be lactose-fermenters, indole-positive, 
Voges-Proskauer-negative, methyl-red-positive, oxidase-negative, 
citrate-negative, urease-negative and H2S-negative. Acid and gas were 
produced from glucose. On Kligler’s iron agar, yellow slope and yellow 
butt were observed indicating fermentation of both glucose and lactose. 
Also cracks due to gas production were noticed. H2S was not shown. On 
sorbitol MacConkey’s agar medium, 38 (79.2%) isolates of E. coli were 
sorbitol-fermenting colonies whereas 10 (20.8%) isolates were non-
sorbitol fermenters which were considered as E. coli serotype O157:H7. 
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3.2.1.2 Klebsiella isolates: 
3.2.1.2.1 Microscopic examination: 
 Encapsulated, Gram–negative straight short rods that occurred singly, 
in pairs or in short chains were seen in Gram’s stained smears. 
 
3.2.1.2.2 Cultural characteristics:   
On MacConkey’s agar medium colonies of Klebsiella appeared large; 
mucoid, glistening and pink in color indicating lactose fermentation and 
capsule formation. On Salmonella-Shigella agar, lactose fermenting 
colonies, which were pink and mucoid, were observed. 
 
3.2.1.2.3 Biochemical reactions: 
The Klebsiella isolates were Voges-Preskauer–positive and methyl–
red–negative. Klebsiella pneumoniae was indole–negative and utilized 
some sugars. On Kligler’s iron agar medium, yellow slope and yellow 
butt were observed, indicating the fermentation of both glucose and 
lactose, cracks due to gas evolution were detected but H2S was not 
produced. 
 
3.2.1.3 Proteus species isolates:  
3.2.1.3.1 Microscopic examination:   
Gram–negative pleomorphic non–capsulated, slender, short and singly 
arranged rods, were observed. 
    
3.2.1.3.2 Cultural characteristics: 
On MacConckey’s agar medium, pale–colored, non–lactose fermenting 
colonies were detected. On SS agar they gave yellow–black center 
colonies indicating H2S production and lactose fermentation. On 
nutrient agar, colonies with distinctive smell and swarming growth were 
seen. 
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3.2.1.3.3 Biochemical reactions: 
Proteus mirabilis isolates were urease–positive, non–lactose fermenters, 
indole–positive and fermented several sugars. On Kligler’s iron agar 
medium, red slope and yellow butt were observed indicating the 
fermentation of glucose, but not lactose and it was accompanied by 
evolution of H2S. 
  
3.2.1.4 Shigella spp. isolates:  
3.2.1.4.1 Microscopic examination: 
Under the microscope, Shigella isolates appeared as Gram-negative 
rods and non-capsulated. 
 
3.2.1.4.2 Cultural characteristics:  
On MacConkey’s agar medium, non-lactose fermenting pale and small 
colonies were detected. On Salmonella-Shigella agar, non-lactose 
fermenting and H2S–negative colonies were detected. 
  
3.2.1.4.3 Biochemical reactions:  
These isolates were indole–positive, urease–negative, non-motile and 
produced acid from majority of sugars tested. On Kligler’s iron agar 
medium, red slope and yellow butt were observed, indicating 
fermentation of glucose, but not lactose. There was no H2S production 
or any other gas which was indicated by absence of cracks in the 
medium. 
3.2.1.5 Pseudomonas isolates:  
3.2.1.5.1 Microscopic examination:  
Gram-negative straight or slightly curved rods and non-capsulated were 
observed. 
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3.2.1.5.2 Cultural Characteristics: 
On MacConkey’s agar medium, pale-colored colonies were detected. A 
green pigmentation was observed. On nutrient agar, the isolates gave 
small, smooth, convex, and blue green pigmented colonies. On SS agar 
non-lactose fermenting greenish colonies were detected. 
  
3.2.1.5.3 Biochemical reactions:  
Pseudomonas isolates did not ferment lactose and were oxidase–
positive. Pseudomonas aeruginosa was able to produce acid from 
carbohydrates in ammonium salt sugar (ASS) medium. On Kligler’s 
iron agar, a red slope and a red butt were noticed, indicating that neither 
glucose nor lactose were fermentated (Table IV). 
       
3.2.1.6 Citrobacter freundii isolates: 
3.2.1.6.1 Microscopic examination: 
Non spore-forming, non-capsulated Gram-negative rods were observed. 
 
3.2.1.6.2 Cultural characteristics: 
On MacConkey’s agar medium they gave pink-red colonies. While on 
SS agar they were lactose-fermenting. 
 
3.2.1.6.3 Biochemical reactions: 
All isolates were indole-positive, methyl red-positive, produce gas from 
fermentation of glucose. On Kligler’s iron agar medium a yellow slope 
and yellow butt that indicated the fermentation of both glucose and 
lactose were observed. H2S was produced. 
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3.2.1.7 Enterobacter aerogenes:  
3.2.1.7.1 Microscopic examination:  
Non-sporulated, Gram-negative short rods were seen. 
 
3.2.1.7.2 Cultural Characteristics: 
On MacConkey’s agar medium, lactose fermenting colonies with 
irregular round edges and mucoid in nature were seen. On SS agar, 
yellow colonies were detected. 
 
3.2.1.7.3 Biochemical reactions:  
This isolate was citrate–positive but urease and indole–negative. On 
Kligler’s iron agar medium, red slope and yellow butt were observed 
indicating the fermentation of glucose but not lactose. 
  
3.2.1.8 Serratia marcescens: 
3.2.1.8 Microscopic examination:  
None spore-forming, Gram-negative rods were seen. 
 
3.2.1.8 Cultural characteristics: 
On both MacConkey’s and SS agar, S. marcescens showed pale colored 
colonies. 
 
3.2.1.8 Biochemical reactions: 
On Kligler’s iron agar, S. marcescens isolates showed red slope, yellow 
butt with cracks and H2S was not produced. 
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3.2.2 Distribution of bacterial types according to age and sex of    
         patients:  
3.2.2.1 Distribution of bacterial types according to age:  
In the present study, E. coli isolates were found mostly before two years 
of age (79.17%) and rarely after that (20.83%). Contrarily, 
Pseudomonas aeruginosa was found associated with children above 
three years of age and Shigella spp. were found after one year of age 
(Figure 3 and Table IV). While, Proteus mirabilis and Klebsiella 
pneumoniae isolates were distributed among all age groups (Table IV). 
   
3.2.2.2 Distribution of bacterial types according to sex:  
In this study, there was no difference in distribution of bacterial types 
according to sex, except Shigella spp. and Pseudomonas aeruginosa 
which were found in males (3.0%) more than in females (1.0%).     
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Table 2: Bacterial species isolated from fifty faecal specimens 
collected from children with diarrheal disease 
 
 
 
 
Bacterial species  
No. of 
isolates 
% from total 
no. of isolates 
% from total 
no. of samples 
Escherichia coli  48 62.3 96 
Klebsiella pneumoniae  10 13.0 20 
Proteus mirabilis  6 7.8 12 
Pseudomonas aeruginosa 4 5.2 8 
Shigella spp. 4 5.2 8 
Citrobacter freundii  3 3.9 6 
Enterobacter aerogenes 1 1.3 2 
Serratia marcescens 1 1.3 2 
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Table III: Characters and biochemical reactions of bacterial isolates from faecal   
                      specimens collected from children with diarrheal disease 
 
Bacteria species 
Charcter 
E.coli 
K
.pneum
oniae 
C
. freundii 
P . m
irabilis 
Shigella spp. 
Enterobacter 
aerogenes 
Serratia 
m
arcescens 
Gram stain  - ve - ve - ve - ve - ve - ve -ve 
Shape Rod Rod Rod Rod Rod Rod Rod 
Motility  + ve - ve + ve + ve -ve + ve +ve 
Catalase  + ve + ve + ve + ve + ve + ve +ve 
Oxidase  - ve - ve - ve - ve - ve F +ve 
O/F F F F F F F F 
Glucose 
fermentation A&G A&G A&G A&G A only A&G A&G 
Urease - ve + ve + ve + ve - ve - ve +ve 
Citrate - ve + ve + ve + ve - ve - ve -ve 
V.P - ve - ve - ve - ve - ve -ve -ve 
M.R + ve + ve + ve + ve + ve + ve -ve 
Indole production + ve - ve - ve - ve + ve -ve +ve  
 H2S (paper 
method)  
 
-ve 
 
- ve 
 
+ ve 
 
+ ve 
 
+ ve 
 
-ve 
 
-ve 
KIA:  
      Slope:  
       Butt: 
       H2S: 
       Gas: 
 
Y 
Y 
- ve 
+ ve 
 
Y 
Y 
- ve 
+ ve 
 
R 
Y 
- ve 
- ve 
 
R 
Y 
+ ve 
- ve 
 
R 
Y 
- ve 
- ve 
 
Y 
Y 
-ve 
+ve 
 
Pink 
Y 
-ve 
+ve 
Acid from: 
Adonitol  
 
- ve 
 
 
+ ve 
 
- ve 
 
- ve 
 
- ve 
 
+ve 
 
+ve 
Arabinose  + ve + ve + ve - ve + ve +ve -ve 
Glycerol + ve + ve + ve + ve - ve + ve -ve 
Inositol  - ve + ve - ve - ve - ve + ve +ve 
Lactose  + ve + ve + ve - ve - ve + ve +ve 
Maltose  + ve + ve + ve - ve - ve + ve -ve 
Mannitol  + ve + ve + ve - ve + ve + ve +ve 
Salicin  + ve + ve - ve - ve - ve + ve +ve 
Sorbitol  + ve + ve + ve - ve - ve + ve +ve 
Sucrose  - ve + ve - ve - ve - ve + ve +ve 
Xylose  + ve + ve + ve + ve - ve + ve +ve 
- ve: Negative   + ve: Positive  F: Fermentative. Y: Yellow.  R: A&G: Acid and Gas   
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Table 4: Characters and biochemical reactions of Pseudomonas aeruginosa   
                 isolated from faecal specimens collected from children with diarrheal   
                 disease       
Characters  Ps. aeruinosa 
Gram  reaction  - ve 
Shape Rod 
Motility  + ve 
Catalase  + ve 
Oxidase  + ve 
O/F O 
Urease + ve 
Citrate + ve 
Pigments  Brown 
Growth on MacConkey’s agar + ve 
Indole production - ve 
H2S   - ve 
Acid from glucose in peptone water - ve 
Nitrate reduction  + ve 
Acid from :(sugars in ammonium salts) 
Adonitol  - ve 
Arabinose  + ve 
Fructose + ve 
Glucose + ve 
Glycerol + ve 
Inositol  - ve 
Lactose  - ve 
Maltose  - ve 
Mannitol  + ve 
Sorbitol  - ve 
Sucrose  - ve 
Xylose  - ve 
                O: Oxidative        -ve: Negative            + ve: Positive 
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Table V. Distribution of bacterial types according to age among the 
children under study 
 
Age  
Bacteria 
species 0-10 11- 20 21-30 31-40 41-50 51-60 
E.coli 17 19 9 2 1 0 
Klebsiella. spp 1 2 3 2 1 1 
Proteus. spp 1 1 1 1 1 1 
Shigella.spp 0 1 1 2 0 0 
Pseudomonas 
spp 
0 0 0 1 1 2 
Citrobacter. 
spp  
0 1 2 0 0 0 
Enterobacter. 
spp 
0 0 0 1 0 0 
Serratia. spp 0 0 0 1 0 0 
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Fig.2. Percentage of E.coli serotype O157: H7 isolates related to total 
number of E.coli isolates  
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CHAPTER FOUR 
DISCUSSION 
  
 Diarrheal disease in infancy and childhood is still a major problem in the 
developing countries, where the standards of hygiene and sanitation are still 
poor. Data from Ministry of Health in the Sudan (M.O.H. annual reports, 
1993) showed that diarrheal disease was one of the major childhood killers 
among children less than five years of age. It constituted 40% of childhood 
mortality among all hospital in-patients in the Sudan. 
 
In this study, bacteria were isolated from all clinical specimens examined 
(n=50, 100%) which were collected from diarrheal children presented at 
Khartoum Pediatric Hospital. The result contributed in giving rewarding 
answers and useful information on the question of bacterial aetiology of 
diarrheal diseases in developing countries. Isolation of bacteria from all 
specimens agrees with Abdelfadil (2006), who isolated the bacteria from all 
specimens collected from children suffering acute diarrheal disease in 
Omdurman area; and nearly agrees with Erwa (1975), Ismail (1994) and 
Elmuzzamil (2004), who found bacterial species in over 72%, 76% and 
85%, respectively, in faecal specimens from children less than 5 years old in 
Khartoum State. Isolation result showed that 19 of specimens contained 
more than one type of bacteria; this may indicate that 38% of cases studied 
were of mixed bacterial infection. Mixed bacterial infection was also 
reported by Erwa (1975), Hayder (1990), Mohammed (2005) and Abdelfadil 
(2006). E. coli was found associated with all cases of mixed infection in the 
current study. This finding agrees with those of W.H.O (1961) and Erwa 
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(1975), who worked in Sudan as well as with results from other countries 
(Lie et al., 1966). 
 
In this work, the total number of isolates amounted for 77 and the isolation 
frequency of different bacterial species obtained was as follows: E. coli was 
isolated from 48 (96%) samples, Klebsiella pneumoniae from 10 (20%), 
Proteus mirabilis from 6 (12%), Pseudomonas aeruginosa from 4 (8%),   
Shigella species from 4 (8%), Citrobacter freundii from 3 (6%), Enterobacter 
aerogenes from 1 (2%) and Serratia marcescens from 1 (2%). The 
commonest bacterial species in this study was E. coli which constituted 
62.3% of the total isolates. This result is partially agrees with that of Erwa 
(1975) and Elmuzzamil (2004), who reported that E. coli was the 
predominant bacteria associated with child diarrhea in Khartoum State and 
constituted 27% and 37%, respectively. This result is considered similar to 
that of Ismail (1994), Mohammed (2005) and Abdelfadil (2006), who found 
a prevalence of 76.3%, 60%, and 70.6%, respectively, for E. coli in diarrheal 
samples taken from children. The very high prevalence (96%) of E. coli in 
the current study and similar results in other ones ranked this species as the 
most important diarrhea-causing bacterial agent in children.  On the other 
hand, Sharaf (1986) and Elsadik (1998) reported that Shigella spp. were the 
most predominant bacteria associated with child diarrhea in Juba and 
Khartoum, respectively. In the present study, Shigella spp. were found in 
only four specimens, constituting 5.2% of the isolates; this level of detection 
is closely similar to that of Erwa (1975), 8.2%, Elsadik (1998), 3.5% and 
Elmuzzamil (2004), 3.9%.  
The ability of bacteria to cause infection is determined by their number, 
products and virulence and is inversely related to the quality of host defense. 
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In this context the term normal flora has become suspected, that vitally any 
microorganism that appears in the host may be invasive and disease-causing 
agent (Evans et al., 1982). Some Proteus, Pseudomonas and Klebsiella spp. 
are members of the normal flora of the human intestinal tract, however, in 
the current study they were isolated as the only bacterial agent present in 
some specimens. Ten Klebsiella pneumoniae isolates were obtained, 
forming 13.0% of the total isolates in this study. This result is similar to that 
found by Elmuzzamil (2004), Mohammed (2005) and Abdelfadil (2006), 
who isolated Klebsiella pneumoniae from child diarrhea  in 14%, 13.7% and 
13.7%, respectively; and much higher than that obtained by Hayder (1990), 
who reported that Klebsiella pneumoniae was found as 0.8% of total 
isolates. Proteus mirabilis formed 7.8% of the total isolates. This outcome is 
not unexpected as it lies between the lower percentage (4%) that was found 
by Erwa (1975) and the higher percentage (23.7%) that was found by 
Elmuzzamil (2004) for this species. Citrobacter freundii was isolated from 
6% of the specimens examined and made 3.9% of the total isolates. This 
seems not different from those found by Elmuzzamil (2004), Mohammed 
(2005) and Abdelfadil (2006), who reported 3.5%, 5.6% and 5.9%, 
respectively, of total isolates from infantile diarrhea in Khartoum and 
Omdurman area. 
  
In the current work, Pseudomonas aeruginosa was isolated only four times, 
but as the only bacterium found in their specimens. This finding may point 
out the importance of this species as a causal agent of child diarrhea in 
Khartoum area. This is in accordance with Flick (1979), who reported that 
Pseudomonas has been implicated as a cause of epidemic diarrhea of 
infancy. It constituted 5.2% of the isolates; this result is more or less similar 
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to those results obtained by Erwa (1975), 4.4% and Elmuzzamil (2004), 
8.8% and more high than that reported by Abdelfadil (2006), 2%. 
 
Our investigation showed that 58.4% of isolates were obtained from cases 
below two years of age. This is partly could be due to the fact that the 
immune system in this age is yet not well developed and also the weaning 
during this period of age could contribute to incidence of diarrhea. Also it 
was observed that no clear difference between number of isolates obtained 
from both sexes. Similar observations have been reported by Park (1997), 
Elhassan (2002) and Elmuzzamil (2004). 
  
When bacterial species obtained in the present study are related to age of 
patients, it was found that most of E. coli isolates were from patients less 
than two years. Similar observation was reported by Erwa (1975), Sharaf 
(1986) and Elmuzzamil (2004). Also, it was noticed that Shigella isolates 
were from cases older than one year. Shigella species are rarely found 
among normal flora and their presence in children above one year of age 
may be attributed to intake of contaminated food or contact with 
contaminated subjects when the child starts crawling. Soll et al. (1982) 
reported that endemic shigellosis occurs between 6 months and 3 years of 
age, while Elmuzzamil (2004) found Shigella spp. in patients of 13 months 
to 4 years of age. On the contrary, Sharaf (1986) isolated them from age 
group of 7-12 months. Proteus mirabilis and Klebsiella pneumoniae were 
found in all age groups. This finding nearly similar to that of Elmuzzamil 
(2004) who isolated Proteus and Klebsiella spp. from children with diarrhea 
between 6 months and 3 years of age. 
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Pseudomonas spp. were isolated from children above three years. Contrarily, 
Elmuzzamil (2004) found them in patients before six months of life.  
 
E. coli serotype O157:H7 has been implicated in many outbreaks worldwide 
due to ingestion of contaminated water, uncooked meat, fruits and 
vegetables, which has been recognized by W.H.O (1998) as a major health 
problem. In this study, sorbitol MacConkey agar medium has been used to 
differentiate between isolates of E. coli serotype O157:H7 and the other 
serotypes. This method of differentiation may be reported here for the first 
time in the Sudan to determine the prevalence of this serotype in stool 
specimens from diarrheal children. Isolates of this serotype were ten, 
constituting 20.8% of the total isolates. This result is comparable to those 
results obtained by Elamin (2005), who isolated E. coli serotype O157:H7 
from water by this method and Tarr (1998), who isolated it from American 
children with diarrhea.   
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CONCLUSION & RECOMMENDATIONS  
  
Conclusion: 
  
This study demonstrated that bacteria may be the main cause of 
diarrhea in infants and children below five years of age in 
Khartoum State. All the bacterial species isolated were Gram-
negative bacteria. E. coli was the predominating species, it was 
isolated from 48 (96%) cases and it constituted 62.3% of the 
total isolates.  
  
E. coli serotype 0157:H7 constituted 20.8 % of the total E. coli 
isolates. As this serotype is known to cause life–threatening 
hemorrhagic diarrhea, food-borne illness and produces a powerful toxin 
that can cause severe illness, this isolation rate is considered high and 
serious. 
 
Recommendations: 
1. Further studies are recommended to examine a much larger 
numbers of children at different ages within the countries, 
with diarrhea covering different age groups, but with special 
emphasis on patients less than two years of age and during 
various seasons of the year. Such studies are recommended to 
where methods that enable the detection and typing all 
bacteria associated with diarrhea in children. 
 
2. Since E. coli serotype 0157:H7 infection is life-threatening, 
more research is recommended to be carried out in various 
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regions in the Sudan to assess its prevalence and its possible 
relationship with food hygiene. If prevalent, the infection my 
be launched vaccine production aimed at control. 
 
3. Brest feeding and hygiene 
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